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BASIC-ABSTRACT: 



(1) A surface coated super hard alloy cutting tool (A), which is made by coating 
the surface of a super hard alloy base with at least one layer of composite nitride 
(B) and composite carbide-nitride (C) of Ti and Al, or with their composite layer 
(D) . General formulae (as atomic ratio) of (B) and (C) are ( F-B) = (Til-xAlx) N and 
(F-C)=(Til-xAlx)Cl-yNy respectively, where (x) is 0.3-0.7, (y) is 0.5-0.99. Mean 
thickness of (B) , (C) , or (D) is 3-20 micron and they are produced by physical 
deposition (evaporation) . Coated membrane shows three diffraction peaks in the 
range of 42.5-44.5 deg. (2 theta) in X-ray diffraction analysis (using Cu K-alpha) 
including one main peak which situates in their center. 

USE - Used as cutting tools. 



ADVANTAGE - This method is able to manufacture super hard cutting tools with higher 
wear resistance than those of conventional products. 
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(54) CUTTE4G TOOL MADE OF SURFACE COATED CEMENTED CARBIDE IN WfflCH HARD COATING 
LAYER HAS EXCELLENT WEAR RESISTANCE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cutting tool made of surface coated cemented carbide in which a hard coating layer 
has excellent wear resistance. 

SOLUTION: A coated cemented carbide tool is the one in which the surface of a tungsten carbide base cement carbide substrate 
is physicalle vapor-deposited with a hard coating layer composed of a singly layer or composite layers consisting of either or 
both of a (Ti, A1)N layer and a (Ti, A1)CN layer having the compositional formulae for forming arc ion plating: (Til -xAlx)N and 
(Til-xAlx)Cl-yNl-y {where, by atomic ratio, (x) denotes 0.3 to 0.7, and (y) denotes 0.5 to 0.99} by the average layer thickness 
of 3 to 20 μm. In this case, in X-ray diffraction for the cemented carbide tool using a CuKα ray as a radiation source, 
the diffraction peak shown in the angle of diffraction (2θ) in the range of 42.5 to 44.5 degrees in the hard coating layer 
shows the X-ray diffraction pattern of the three continuous peak shapes of the main peak and peaks on both sides thereof 
connected thereto. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dauciages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely, 

2. **** shows the word which can not be translated. 

3. fa the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Pelailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention demonstrates the abrasion resistance which was excellent also when it had the abrasion 
resistance excellent in the hard enveloping layer, for example, used for the high-speed milling cutter cut which is the high-speed 
intermittent cutting of steel, and relates to the cutting tool made from surface coating cemented carbide (henceforth a coated 
carbide tool) to which prolongation-of-life-ization of a tool life is closed if. 
[0002] 

[Description of the Prior Art] Generally the arc ion plating system which is one sort of the physical-vapor-deposition equipment 
shown in drawing 1 in approximate account drawing is used conventionally. At a heater an ambient atmosphere for the inside of 
equipment as a vacuum of 5 - 30mtorr In the condition of having heated in temperature of 300-700 degrees C, between an anode 
electrode and the cathode electrode (evaporation source) with which the Ti-aluminum alloy target which has a predetermined 
presentation was set Electrical potential difference : Arc discharge is generated on condition that 10-50V, and current: 80- 100 A. 
Nitrogen gas or nitrogen gas, and methane are simultaneously introduced as reactant gas in equipment. In the base (henceforth a 
superhard base) which consists of tungsten carbide (WC shows hereafter) radical cemented carbide on the other hand On the 
conditions which impressed the bias voltage of -1 50-300 V, so that it may be indicated by JP,62-56565,A on the front face of 
said superhard base The compound nitride [N (Ti, aluminum) shows hereafter] of Ti and aluminum, and below compound carbon 
nitride [ (Ti, aluminum) Manufacturing a coated carbide tool is known by vapor-depositing the hard enveloping layer of either of| 
shown by CN, the monolayer which consisted of both, or a double layer by 3-20-micrometer average thickness. A coated carbide 
tool Cuk alpha rays conventionally [ above-mentioned ] by moreover, the X diffraction used as a line source For example, when 
the above-mentioned hard enveloping layer is an N (Ti, aluminum) layer, the X diffraction pattern illustrated by drawing 2 is 
shown, illustrating - having - a passage - 35.5 - 37.5 - a degree - 42.5 - 44.5 - a degree - and - 61 .5 - 64.5 - a degree - 
each " within the limits ~ an angle of diffraction (2theta) - diffraction ~ a peak - appearing - [~ hard an enveloping layer - 
CN (Ti, aluminum) - a layer - it is - a case - being the same ~ a diffraction pattern -- being shown -] - things -- getting to 
know - having Furthermore, it is also just going to be known well that a coated carbide tool will be used for 

continuation cuts and intermittent cutting, such as steel, conventionally [ these ]. 
. [0003] 

[Problem(s) to be Solved by the Invention] On the other hand, although cutting is in the inclination of high-performance-izing and 
the high increase in power of a cut machine, and conjointly improvement in the speed in recent years, when this is used for the 
high-speed milling cutter cut which is high speed cutting, for example, the high-speed intermittent cutting of steel, in the 
above-mentioned conventional coated carbide tool, from wear progress of a cutting edge coming to be promoted remarkably, 
comparatively, it results in an activity life for a short time, and the actual condition is that is not desirable from the field of 
laborsaving and energy-izing. 
[0004] 

[Means for Solving the Problem] Then, this invention person etc. pays his attention to the hard enveloping layer which constitutes 
the above-mentioned conventional coated carbide tool from the above viewpoints. As a result of inquiring in order to aim at 
especially wear-resistant improvement in this, N (Ti, aluminum) layer and (Ti, aluminum) CN layer which constitute the hard 
enveloping layer of a coated carbide tool It faces forming using the arc ion plating system illustrated by drawing 3 as 
above-mentioned. With a Ti-aluminum alloy target Make a target side the same, arrange Ti target, and it makes these two sorts of 
targets, and anode inter-electrode generate arc discharge simultaneously. The arc discharge current of a Ti-aluminum alloy target : 
80-lOOA (it is the same as the above-mentioned conventional conditions). The arc discharge electrical potential difference of a 
Ti-aluminum alloy target : 10-50V (it is the same as the above-mentioned conventional conditions). The arc discharge current of 
Ti target : 10-40A, arc discharge electrical-potential-difference: 1 0-50 V of Ti target, Reactant gas : Nitrogen gas or nitrogen gas, 
and methane (it is the same as the above-mentioned conventional conditions). Ambient atmosphere pressure (degree of vacuum) : 
5 - 30mtorr (it is the same as the above-mentioned conventional conditions). Ambient temperature: It is 1 -SHz about two kinds of 
height electrical potential differences of 300-700 degrees C (it is the same as the above-mentioned conventional conditions), bias 
voltage: (-400-500 V) to a superhard base, and (-10-30V). On the conditions repeatedly considered as impression on the 
frequency Empirical formula: (Til -x Alx) N and *♦ (Til-x Alx) Cl-yNy (however, by the atomic ratio) x - 0.3 to 0.7, and y - 
0.5-0.99 - being shown -- the coated carbide tool of this result, if N (Ti, aluminum) layer and (Ti, aluminum) CN layer to satisfy 
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are formed The dififraction peak which appears in the X diffraction using Cuk alpha rays as a line source in the angle of diffraction 
within the limits of 42.5 - 44.S degrees in an X diffraction pattern (2theta) For example, as an X diffraction pattern in case the 
above-mentioned hard enveloping layer is an N (Ti, aluminum) layer being illustrated by drawing 1 , 3 continuation peak 
configuration of the right-and-left peak which stands in a row in the main peak and this comes to be shown. Also when this was 
used for the high-speed milling cutter cut which is high speed cutting, for example, the high-speed intermittent cutting of steel, 
wear progress of a cutting edge was controlled remarkably and the research result of coming to demonstrate the outstanding 
abrasion resistance was obtained. 

[0005] This invention is made based on the above-mentioned research result. On the front face of a superhard base The empirical 
formula of arc ion-plating formation: (Til-x Alx)N and ** (Til-x Alx) CI -yNy (however, by the atomic ratio)X" 0.3 toO.7, 
and y - 0.5-0.99 ~ being shown - either of N layer which it has (Ti, aluminum), and (Ti, aluminum) the CN layers Make it the 
coated carbide tool which comes to carry out the physical vapor deposition of the hard enveloping layer which consists of the 
monolayer or double layer constituted in great numbers by 3-20-micrometer average thickness, and by or the X diffraction of the 
above-mentioned coated carbide tool using Cuk alpha rays as a line source It has the description in the coated carbide tool which 
has the abrasion resistance excellent in the hard enveloping layer which comes to show the X diffraction pattern of 3 continuation 
peak configuration of a right-and-left peak where the diffraction peak to which the above-mentioned hard enveloping layer 
appears in the angle of diffraction within the limits of 42.5 - 44.5 degrees (2thela) stands in a row in the main peak and this. 
[0006] In addition, in the coated carbide tool of this invention, aluminum in N (Ti, aluminum) and (Ti, aluminum) CN which 
constitute a hard enveloping layer raises hardness to TiCN. It dissolves in order to have and to raise abrasion resistance, and they 
are [ therefore ] empirical formula: (Til-x Alx) N and ** (Til-x Alx) Cl-y Ny. If x values cannot secure desired abrasion 
resistance less than by 0.3 but the value exceeds 0.7 on the other hand x values were determined to the cutting edge as 0.3-0.7 
(atomic ratio) for the reason referred to as becoming easy to generate a chip and a chipping, moreover, for C component in CN 
(Ti, aluminum) layer Although CN (Ti, aluminum) layer has high hardness relatively as compared with the above-mentioned (Ti, 
aluminum) N layer since there is an operation which raises hardness In this case, if less than 0.01, i.e., y value, exceed [ the rate of 
C component ] 0.99, the predetermined improvement effectiveness in hardness will not be acquired, y value if y value becomes 
less than 0.5, since the rate of C component exceeds 0.5 on the other hand, namely, toughness will come to fall rapidly - 0.5 to 
0.99 - it was desirably determined as 0.55-0.9. It is [ for the abrasion resistance which the thickness excelled / micrometers / less 
than 3 / in the request not to be securable, to be based on the reason referred to as becoming easy to generate a chip and a 
chipping in a cutting edge, if the thickness exceeds 20 micrometers on the other hand, and to consider as 5-10-micrometer 
average thickness desirably ] good to have set average thickness of a hard enveloping layer to 3-20 micrometers. Furthermore, to 
the coated carbide tool of this invention, in order to make easy discernment before an activity of this, and after an activity, the 
titanium nitride (TiN) layer which has a golden color tone as the maximum surface layer may be vapor-deposited by 
0.1-1 -micrometer average thickness. ' 
[0007] 

[Embodiment of the Invention] Subsequently, an example explains the coated carbide tool of this invention concretely. WC 
powder which all has the mean particle diameter of 1-3 micrometers as raw material powder, TiC powder, ZrC powder, VC 
powder, TaC powder, NbC powder, and Cr3 C2 Powder, TiN powder, TaN powder, and Co powder are prepared. These raw 
material powder Blend with the combination presentation shown in a table 1, and wet blending is carried out with a ball mill for 
72 hours. 1 ,5 ton/cm2 after drying Press fonning is carried out to a green compact by the pressure. This green compact was 
sintered on condition that maintenance at temperature: 1400 degree C among the vacuum for 1 hour, and the superhard bases 1-10 
made from WC radical cemented carbide which performed honing of R:0.05 to a part for a cutting edge, and had the chip 
configuration of an ISO standard and SPGN1203 12 were formed after sintering. 

[0008] Clean ultrasonically these superhard bases 1-10 in an acetone, and in subsequently, the condition of having dried It inserts 
in the usual arc ion plating system illustrated by drawing 3 , respectively. Making a target side the same, equipping with the 
Ti-aluminum alloy target and Ti target which had various component presentations as cathode electrodes (evaporation source) on 
the other hand, exhausting the inside of equipment first, and holding to the vacuum of lxl0-5torr After heating the inside of 
equipment at 500 degrees C at a heater, introduce Ar gas in equipment and it considers as Ar ambient atmosphere of lxlO-3torr. 
The bias voltage of -800v is impressed to said superhard base in this condition, and Ar gas BOMBATO washing of the superhard 
base front face is carried out. Subsequentiy The arc discharge current of a Ti-aluminum alloy target : lOOA, arc discharge 
electrical-potential-difference:25V of a Ti-aluminum alloy target. The arc discharge current of Ti target : lOA, arc discharge 
electrical-potential-difFerence:15V of Ti target, Reactant gas : Nitrogen gas or nitrogen gas, methane, ambient atmosphere 
pressure (degree of vacuum):30mtorr. Ambient temperature: It is 2Hz about 450 degrees C and the height electrical potential 
difference of bias voltage:-450V to a superhard base, and -20 V. On the conditions repeatedly considered as impression on the 
frequency this invention coated carbide tools 1-18 were manufactured, respectively by vapor-depositing the hard enveloping layer 
which had the presentation shown in tables 2 and 3, and average thickness in each front face of said superhard bases 1-10. 
[0009] Moreover, they are the same conditions except seting impression of the bias voltage to a superhard base constant -lOOv 
for the comparative object, not using Ti target. The presentation and average thickness (since these showed the result which is 
hardly different from it of the above-mentioned this invention coated carbide tools 1-18) corresponding to each of the 
above-mentioned this invention coated carbide tools 1-18 the publication - omitting - coated carbide tools 1-18 were 
conventionally manufactured by vapor-depositing the hard enveloping layer which it had, respectively. 
[0010] About various kinds of coated carbide tools obtained as a result, it is that hard enveloping layer front face. Target : [ Cu, ] 
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Travel: 0.04 degrees Gate time : [ 0.05 seconds, ] Tube voltage: 40kV Tube electric current : [ SOOmA, ] Divergent slit: 1 time 
Light-receiving slit: 0.2nim Scattering slit : [ 1 time, ] measurement include angle (2theta): The X diffraction was carried out on 
condition that 20 - 80 degree **, the diffraction peak which appears in the angle of diffraction within the limits of 42.5 - 44.5 
degrees in the X diffraction pattern obtained by this X diffraction (2theta) was observed, and the angle of diffraction (2theta) of a 
diffraction peak was measured. This result was shown in tables 4 and 5. 

[001 1] Next, this invention coated carbide tools 1-18 obtained as a result and conventionally, about coated carbide tools 1-18, the 
dry type intermittent cutting (milling cutter cut) trial of the alloy steel in the conditions of square bar [ of work 
material: JIS-SCM440 ], cutting speed: 300m/min., infeed:2mm, delivery :0.3mm /, cutting-edge, and cutting-time: 10-minute ** 
was performed, and the width of flank wear land of a cutting edge was measured. These measurement results were shown in 
tables 4 and 5. 
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A table 31 
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[A table 5] 



Sof6 



1(W29A)4 3:22 PM 



http7/www4 Jpdl .ndpi .go.Jp/cgi-bin/tran_web_cgLeJje 



m 




13 ^ 


ft (2 




(ff) 


-<y 1^ 

i2l 17 U 
JP H «I 

(mm) 


SEtf — ^ 










1 




4 3 . 


d 


^ U 


0. 2 5 




2 




4 3 . 


3 


^ u 


0 > 2 9 


3 


#a 1 


4 3. 


5 




0 . 3 0 




4 




4 3 . 


7 


^ 1 


0. 2 7 


5 




4 3. 


0 


tl L 


0.3 3 




6 




4 4 . 


0 


tl V 


0.4 5 


7 


^ U 


4 2. 


8 


^ L 


0.3 3 


m 


a 


<C L 


4 3. 


2 




0.3 0 


9 


C U 


4 3. 


3 




p. 3 8 




1 0 


& Lr 


4 4 . 


1 


tt L 


0.4 0 




1 1 




4 3. 


8 




0. 4 5 


« 


1 2 




4 2 . 


9 


^ U 


0. 3 1 


1 3 




4 3. 


3 


% U 


0.3 4 


X 


1 4 




4 3. 


5 




0. 3 5 




1 5 




4 3 . 


0 




0. 4 1 




1 A 
1 D 






u 




U. 4 U 


1 7 




4 3. 


8 




0. 3 8 




1 8 




4 3.. 


6 




0. 3 6 



[0017] 

[Effect of the Invention] this invention coated carbide tools 1 - 1 8 are the dry type intermittent cutting (milling cutter cut) trials of 
the alloy steel which all serves as severe conditions, and it is clear from the result shown in tables 2-5 its to demonstrate the 
abrasion resistance which was conventionally excellent much more as compared with coated carbide tools 1 - 1 8. As mentioned 
above, even if the coated carbide tool of this invention performs intermittent cutting at high speed not to mention the continuation 
cut and intermittent cutting in the usual conditions, such as steel, it shows the outstanding abrasion resistance, enables the cut over 
a long period of time, and contributes it to laborsaving and energy-izing of cutting. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 11 It is drawing showing the X diffraction pattern of this invention coated carbide tool 2. 
[Drawing 2] It is drawing showmg the X diffraction pattern of a coated carbide tool 2 conventionally. 
[Drawing 31 It is approximate account drawing of an arc ion plating system. 
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CLAIMS 



[Claim(s)] 

[Claim 1] To the front face of a tungsten carbide radical cemented carbide base, they are empirical formula:(Til-x Alx) N of arc 
ion plating formation, and ** (Ti 1 -x Alx) C 1 -y Ny (however, by the atomic ratio). The physical vapor deposition of the hard 
enveloping layer which consists of a double layer which consisted of a monolayer which consisted of either the compound nitride 
of Ti and aluminum which it has or the compound carbon nitride of Ti and aluminum, or both is carried out by 3-20-micrometer 
average thickness, x — 0.3 to 0.7, and y ~ 0.5-0.99 - being shown - Make it the becoming cutting tool made from surface 
coating cemented carbide, and by the X diffraction of the above-mentioned cutting tool made from surface coating cemented 
carbide using Cuk alpha rays as a line source The cutting tool made from surface coating cemented carbide which has the 
abrasion resistance excellent in the hard enveloping layer characterized by showing the X diffraction pattern of 3 continuation 
peak configuration of a right-and-left peak where the diffraction peak to which the above-mentioned hard enveloping layer 
appears in the angle of diffraction within the limits of 42.5 - 44.5 degrees (2theta) stands in a row in the main peak and this. 
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